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Abstract 
   
The presented work discusses the influence of modification of AlSi10Mg alloy on its solidification kinetics during the mould cavity filling. 
In order to study this influence, the measurements concerning temperature changes of the modified and the non-modified AlSi10Mg alloy 
have been done at selected places of the mould. Thus the solidification and cooling curves have been achieved. The recorded temperature 
changes have served as a basis for drawing the graphs representing the flow rate of the metal stream and the distance travelled by the front 
of the stream against the time. An addition of modifier in the form of strontium master alloy has caused a significant shortening of the 
flown distance. The recorded solidification and cooling curves have also allowed for determining the temperature changes at the front of 
the metal stream during the mould cavity filling. Taking the achieved results into account it has been found that the modified alloy begins 
to solidify after having passed a distance of about the one-third of the distance determined for the non-modified alloy. 
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1. Introduction 
 
Silumins are the most widespread material used in casting of 
aluminium alloys. It results mainly from their excellent casting 
properties and good working properties, thanks to which they 
have  become  the  valuable  structural  material  for  various 
industrial applications. They are applied mainly in engineering, 
shipbuilding, and electricity industry [1-4]. The flowing and the 
solidification  of  Al-Si  alloys  depends  on  the  chemical 
composition, the applied alloying elements, the type of modifier, 
and the microstructure of a given silumin. It seems reasonable to 
check the influence of the modification process on the flowing 
and  the  solidification  processes  while  choosing  the  material 
suitable  for  castings  working  under  heavy  load  and  at  high 
temperature parameters [5-8]. The structure of a silumin casting 
can  be  build  of  solid  solution  grains  (α),  silicon  crystals  (β), 
aluminium-silicon  eutectic,  and  the  precipitated  phases  of 
intermetallic  compounds,  all  mixed  in  various  proportions 
depending  on  the  silicon  content  and  cooling  conditions.  The 
shape  and  the  size  of  silicon  crystals  originating  during  the 
solidification  process  can  strongly  influence  both  the  cavity 
filling  and  the  mechanical  properties  of  a  resulting  casting. 
Therefore  they  should  be  carefully  controlled  to  achieve  the 
desired properties of a final product. 
The purpose of modification relies on increasing the grain 
number i.e. increasing the nucleation ability of a given metal. 
This causes that solidification and cooling of a casting proceeds 
in  a  different  way.  Modification  means  also  achieving  such 
properties of a liquid phase which promote obtaining the solid 
state structure being changed as compared to the one expected 
without  this  treatment.  The  modifying  treatment  relies  on  the 
introduction of negligible amounts of the specified additions, the 
so-called inoculants or modifiers,  which change the course of 
crystallization  process  and,  as  a  result,  the  structure  and  the 
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chemical composition [9]. The modifying influence of strontium 
on eutectic and sub-eutectic silumins has been well known since 
1921,  however  not  until  the  seventies  of  the  XX  century  the 
problem of modification with strontium on the industrial scale 
was solved in Switzerland. Strontium is not an entirely durable 
modifier. According to the examinations, the modifying effect of 
strontium  lasts  significantly  longer  than  that  of  sodium,  but 
vanishes  with  time.  It  results  from  the  decrease  of  strontium 
content in the melt due to its burning and evaporating. 
Additions  occurring  in  alloys  can  influence  casting 
properties  either  in  positive  or  in  negative  way.  Both  the 
improvement  and  the  deterioration  of  castability  can  occur  as 
a result of modification, e.g. the small amounts of iron, silicon, 
and  titanium  are  harmful  to  the  castability  of  the  aluminium 
alloys.  Introduction  of  small  amounts  of  such  elements  as 
sodium,  strontium,  or  antimony  leads  to  some  changes  in 
crystallization  process  and  results in  changes of  structure  and 
properties virtually  without a change in chemical composition 
[10, 11]. 
 
 
2. Methods and results of examination 
 
The AlSi10Mg alloy has been selected for examinations and 
modified with strontium in the amount of 0.05%. This alloy has 
been  chosen  due  to  its  good  casting  properties,  i.e.  good 
castability and low linear contraction equal to about 1.15%, which 
enables  production  of  thin-walled  castings  of  intricate  shapes. 
Moreover,  the  alloy  is  characterised  by  excellent  mechanical 
properties.  
The castability measurements have been performed by means 
of the spiral test. The modification effect has been examined not 
only  by  determining  the  castability,  but  also  by  assessing  the 
influence of the alloy modification on the solidification process 
taking  place  during  the  mould  cavity  filling.  To  do  this,  a 
laboratory  stand  which  allows  for  recording  changes  in  the 
temperature of metal flowing through the mould channel has been 
used [12]. The mould has been prepared of oil bonded sand. This 
material has a long lifetime and is suitable for direct moulding 
because the bonding agent does not evaporate. First the spiral test 
mould has been prepared, then sixteen NiCr-Ni thermocouples of 
0.8 mm diameter have been mounted at various distances from the 
main gate. They have been arranged at intervals of either 25 mm 
for AlSi10Mg alloy modified with strontium, or 50 mm for the 
non-modified  alloy,  and  placed  at  half-height  of  the  mould 
channel.  For  each  case  the  first  thermocouple has  been  placed 
directly  past  the  main  sprue.  Both  the  arrangement  and  the 
quantity of thermocouples have been determined on the ground of 
previous examinations. The temperature has been recorded during 
the metal flow in the channel of the spiral mould by means of the 
PCL-818  computer  laboratory  measurement  card  of  sampling 
frequency equal to 100 kHz with 16 unipolar input channels. The 
castings have been made in the following way: first the AlSi10Mg 
alloy has been melted and overheated up to the 973 K, then it has 
been cast into the mould with simultaneous temperature recording 
at  selected  places  of  the  mould.  After  the  solidification  and 
cooling of a casting, the subsequent mould has been prepared and 
equipped with thermocouples in order to examine the modified 
alloy. The suitable amount of AlSi10Mg alloy has been melted 
and overheated up to 973 K again, then the modifier in the form 
of  AlSr10  master  alloy  has  been  introduced.  The  amount  of 
master alloy has been 0.5% of the AlSi10Mg alloy mass. After 
mixing,  the  modified  alloy  has  been  poured  into  the  prepared 
mould. Temperature changes at the selected places of the mould 
have  again  been  recorded.  After  achieving  the  spiral  castings, 
specimens for metallographic examination have been cut out of 
the material from three different places i.e. from the beginning, 
the  middle,  and  the  end  of  each  casting  (Fig.  1).  Visual 
examination and photographs have been done by means of the 
Nikon light microscope. 
 
 a) 
 
 b) 
Fig. 1. Photos of spiral castings: a) the non-modified AlSi10Mg 
alloy; b) the alloy modified with strontium 
 
Figure  2  shows  the  microstructure  of  AlSi10Mg  alloy  before 
modification in two different places of a spiral casting. 
 
 
 
Fig. 2. Structures of AlSi10Mg alloy without modification. 
Specimens taken from the spiral test casting: 1- the initial section, 
3- the last section (etched with HF, magn. 50×) 
 
Figure 3 presents the microstructure of modified AlSi10Mg alloy 
also in two different places of a spiral casting. 
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Fig. 3. Structures of AlSi10Mg alloy after modification. 
Specimens taken from the spiral test casting: 1- the initial section, 
3- the last section (etched with HF, magn. 50×). 
 
The  introduction  of  strontium  modifier  has  resulted  in  the 
significant decrease in castability of AlSi10Mg alloy. The length 
of the spiral casting has reached 750 mm for the non-modified 
alloy, while for the modified one it has fallen down to 375 mm. 
This  result  indicate that  modifying  Al-Si  alloys  with  strontium 
yields the decrease in castability equal to about 50%. 
The  measurement  method  applied  for  examinations  has 
allowed for obtaining curves depicting the temperature changes of 
both the non-modified and the modified liquid silumin in selected 
points  along  the  mould  cavity  during  the  mould  filling.  The 
obtained curves can be seen in Figs. 4-5. 
 
 
Fig. 4. The initial period of flowing and solidification of the 
non-modified AlSi10Mg alloy 
 
The temperature records taken during the mould cavity filling 
have served as a basis for determining the travelled distance, the 
flow rate defined as the increment of this distance with time, and 
the flow rate change both for the non-modified (Fig. 6) and the 
modified (Fig. 7) silumin.  
 
 
Fig. 5. The initial period of flowing and solidification of the 
modified AlSi10Mg alloy 
 
 
Fig. 6. Change of the travelled distance (L) and the momentary 
flow rate (V) for the flowing and the solidifying AlSi10Mg alloy 
(without modification) 
 
 
Fig. 7. Change of the travelled distance (L) and the momentary 
flow rate (V) for the flowing and the solidifying AlSi10Mg alloy 
(modified) 
 
Diagrams 6 and 7 indicate that during the initial stage of flow 
the non-modified metal achieves the flow rate three times greater 
than  the  modified  one.  Also  the  distance  travelled  along  the 
mould cavity by the non-modified alloy is much longer than the 
one passed by the modified alloy. The period of metal flowing has 
lasted 1.03 s for the non-modified alloy, while for the modified 
one it has been shorter by 0.15 s with simultaneous considerable 
shortening of the distance flown by the modified alloy. 
It  is  possible  to  determine  the  temperature  of  the  front  of 
metal  stream  from  the  recorded  solidification  curves.  This 
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presented in Fig. 8, while for the modified AlSi10Mg alloy it can 
be found in Fig. 9. 
 
 
Fig. 8. Temperature at the front of the non-modified AlSi10Mg 
alloy stream 
 
 
Fig. 9. Temperature at the front of the modified AlSi10Mg alloy 
stream 
 
It can be seen from the graphs 8 and 9 that the solidification 
of the modified silumin begins after travelling virtually one-third 
of  the  distance  corresponding  to  the  one  travelled  by  the  non-
modified alloy before the solidification beginning, i.e. after 175 
mm.  The  non-modified  alloy  begins  to  solidify  after  travelling 
530 mm. The supercooling of both alloys, however, is comparable 
and equal to 40°C. 
Strontium, which has a modifying influence, is characterised 
by  the  surface  tension  about  four  times  less  than  aluminium. 
Therefore addition of strontium to the liquid silumin reduces the 
surface tension resulting in the better wetting of the mould. Such 
alloy exhibits larger adhesion work so that the resistance of flow 
is  greater.  This  phenomenon  brings  about  the  more  moderate 
changes of the flow rate. 
The  spiral  test  mould  being  a  specific  thin-walled  casting 
indicates that production of the thin-walled castings made of the 
modified  alloys  can  result  in  a  poor  quality  of  such  casting, 
mostly in the occurring of misruns. 
 
 
3. Conclusions 
 
1.  Addition of 0.5% of strontium master alloy to the AlSi10Mg 
alloy results in the decreased castability as compared with 
the  castability  of  the  non-modified  alloy.  Modification  of 
AlSi10Mg alloy has reduced the distance travelled by metal 
along  the  mould  chamber  almost  by  half,  but  only  in 
a slightly shorter time. 
2.  The  modification  of  AlSi10Mg  alloy  decreases  the 
supercooling  value  to  the  small  degree,  the  difference 
between  the  non-modified  and  the  modified  alloy  reaches 
about 5°C. 
3.  Addition of modifier has reduced the metal flow rate in the 
initial stage of flow to the one-third of the value determined 
for pure AlSi10Mg alloy. 
4.  For the further stages of flow the flow rate for the modified 
and the non-modified alloys is almost the same. 
5.  Solidification of the modified AlSi10Mg alloy begins after 
the metal has travelled a distance of about one-third of that 
travelled by the non-modified metal. 
6.  The  distance  travelled  by  metal  during  the  crystallization 
itself  is the same both for the non-modified and the modified 
alloy,  however  the  non-modified  alloy  flows  a  longer 
distance before it starts to solidificate.  
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